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METHOD FOR IDENTIFYING AT RISK
CARDIOVASCULAR DISEASE PATIENTS

This application claims priority of U.S. application Ser.
No. 10/122,081, filed Apr. 12, 2002, now U.S. Pat. No. 6,812, 5

033, 1ssued on Nov. 2, 2004, and provisional application
60/390,796 filed Jun. 21, 2002, both applications are incor-

porated herein by reference 1n their entirety.

FIELD OF THE INVENTION 10

This invention 1s 1n the field of cardiovascular healthcare
management and patient treatment.

BACKGROUND OF THE INVENTION 15

According to the National Cholesterol Education Program
(NCEP) guidelines, low density lipoprotein (LDL) choles-
terol goals and criteria for Therapeutic Lifestyle Changes and
Drug Therapy in different risk categories are as follows: 20

LDL level
Risk to initiate
Category Therapeutic LDL level to 235
CHD or LDL Lifestyle consider Drug
CHD Goal Changes  Therapy
Risk <100 =100 mg/dL. =130 mg/dL(10 yr risk 10-20%)
Equiva- mg/dL =160 mg/dL(10-yr risk <10%)
lents 30
2+ Risk <130 =130 mg/dL. =130 mg/dL{10 yr risk 10-20%)
Factors mg/dL =160 mg/dL(10-yrrisk <10%)
0-1 Risk <160 =160 mg/dL. =190 mg/dL
Factor mg/dL

: : vy 35
The invention utilizes the health care management system

described n WO 01/41037A3 to study data from patient
populations for cardiovascular risk factors especially those
factors related to LDL and HDL subclasses. WO
01/41037AC 1s mcorporated herein 1n its entirety. The text,
Heart Disease Breakthrough, by Thomas Yannios, M.D. John

Wiley & Son, Inc., New York, 1999 discusses management of
heart disease and the role of HDL and LLDL subclasses and 1s

incorporated herein by reference.
Williams, PT, Superko, HR, Alderman EA, Small Low
Density Lipoprotein III but not Low Density Lipoprotein

Cholesterol 1s Related to Arteriographic Progression, Circu-
lation 2000; 102:11-848

40

45

BRIEF DESCRIPTION OF THE DRAWINGS

50

FIG. 1 shows chemistry values for whole blood plasma.

FIG. 2 shows ANUC data tor HDL. subfiractions.

FIG. 3 shows ANUC data for LDIL. subfractions

FIG. 4 shows ANUC lipoprotein mg/dl and ANUC sub-
class %

FI1G. 5 shows transidyne subclass %, calculated subclass %
and Mass ApoB data

FIG. 6 shows particle ApoB and ANUC ApoB data
FIG. 7 shows ANUC mass % vs. GGE methods % for LDL g
|

FIG. 8 shows ANUC mass % vs. GGE methods % for LDL
I1la
FIG. 9 shows ANUC mass % vs. GGE methods % for LDL
ITh 65
FIG. 10 shows ANUC mass % vs. GGE methods % for
L.DL Illa

55

2

FIG. 11 shows ANUC mass % vs. GGE methods % for
LDL IIIb

FIG. 12 shows ANUC mass % vs. GGE methods % for
LDL IVa

FIG. 13 shows ANUC mass % vs. GGE methods % for
LDL IVb

FIG. 14 shows ANUC Apo B mg/dl vs. particles ApoB
mg/dl for LDL 1

FIG. 15 shows ANUC Apo B mg/dl vs. particles ApoB
mg/dl for LDL Ia

FIG. 16 shows ANUC Apo B mg/dl vs. particles ApoB
mg/dl for LDL IIb

FIG. 17 shows ANUC Apo B mg/dl vs. particles ApoB
mg/dl for LDL Illa

FIG. 18 shows ANUC Apo B mg/dl vs. particles ApoB
mg/dl for LDL IIIb

FIG. 19 shows ANUC Apo B mg/dl vs. particles ApoB
mg/dl for LDL IVa

FIG. 20 shows ANUC Apo B mg/dl vs. particles ApoB
mg/dl for LDL IVb

FIGS. 21(a) and 21(b) respectively show ANUC mg/dl
lipoprotein vs. GGE mg/dl LDLC for LDL I and LDL Ila.

FIG. 22 show ANUC mg/dl lipoprotein vs. GGE mg/dl
LDLC for LDL IIb

FIGS. 23(a) and 23(b) respectively show ANUC mg/dl
lipoprotein vs. GGE mg/dl LDLC for LDL IIla and LDL IVa

FIGS. 24(a) and 24(b) respectively show show ANUC
mg/dl lipoprotein vs. GGE mg/dl LDLC for LDL IIIb and
LDL IVb

SUMMARY OF THE INVENTION

The invention provides a data base of LDL, 1, Ia, IIb, Illa,
Ilb, IVa, IVb and HDL2a, HDL2b, HDL 3a, HDL 3b and
HDL 3c together with patient data such as HDL-C, LDL-C,
Apo A, ApoB, Lp(a) and patient personal data useful for
treatment, diagnosing, and momitoring cardiovascular dis-
case. The data base contains the LDL and HDL subiraction
data 1n quantitative mg/dl values and permits deriving rela-
tionship amongst the LDL and HDL values and cardiovascu-
lar disease. Quantitative data permits more eflective treat-
ment and monitoring of cardiovascular disease. For example,
quantitative differences 1n LDL and HDL subclass levels can
determine the need for more or less aggressive treatment. The
data base which includes patient events, procedures, interven-
tions which 1s correlated to LDL and HDI quantitative sub-
class data permits development of personalized patient treat-
ment plans and monitoring the effectiveness of such
treatment. Thus, LDL and HDL quantitative subiraction data
can be used to more effectively treat and monitor cardiovas-
cular disease.

The subiraction levels may be identified by any means such
as per cent distribution of the subiraction levels or with quan-
titation such as concentration of a subiraction level or with the
s1ze of the predominant lipoprotein molecules. Once a patient
has been 1identified (diagnosed), the method 1s used to gener-
ate an individualized treatment plan for the patient that may
include drugs, diet and exercise.

The mmvention includes a data base for LDL and HDL
subclasses 1 mg/dl and data for cardiovascular disease
patients. This data base permits correlation of LDL and HDL
subclass determination 1n patients with cardiovascular dis-
case and therefore the diagnosis of cardiovascular disease and
the monitoring of cardiovascular disease and therapy of such
disease. The data base may contain data for related LDL and
HDL subclasses in mg/dl which are correlated to cardiovas-
cular disease.
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In analyzing LDL and HDL subclass data from more than
65,000 cardiovascular patients, 1t has been found that indicia
for patient treatment can be derived from LDL and HDL
subclass information that 1s not available from NCEP risk
factor data. Thus, the invention permits the 1dentification of
patients with healthy low density lipoprotein concentration
(LDLC) and high density lipoprotein concentration (HDLC)
levels who have an undesirable small dense LDL trait and/or
deficient reverse cholesterol transport system. For example, 1t
has unexpectedly been found that the determination of LDL
III a & b permits the 1dentification of patients who are 1n need
of therapeutic lifestyle changes and/or drug therapy which are
not evident from NCEP guidelines based on a conventional
panel of lipid assays. Similarly HDL 2b values can be used to
identily patients in need of lifestyle change or drug therapy.
LDL Il a & b and HDL 2b values combined 1s a powertul tool
for identitying patients who need treatment which NCEP data
indicate are not 1n need of treatment.

More specifically, 1t has been determined that cardiovas-
cular patients with LDL III a & b levels, small dense LDL
particles, of about 15% or more are 1n need of more aggres-
stve cardiovascular healthcare management, 1.e., lifestyle
changes and/or drug therapy. Thus LDL III a & b measure-
ment identifies about 40% ol patients in need of treatment that
are missed by only using NCEP guidelines. Thus, the NCEP
guidelines for treatment which are based on the basic lipid
panel described above are not capable of efficiently determin-
ing cardiovascular risk 1n a significant subpopulation of
patients and result 1n not treating at risk cardiovascular
patients.

The mvention therefore encompasses a method for 1denti-
tying patients with normal NCEP lipid levels who are in need
of treatment for cardiovascular disease measuring one or
more LDL or HDL particle subiraction levels and identifying,
abnormal LDL or HDL subiraction levels. The subiraction
levels may be 1dentified by any means such as per cent dis-
tribution of the subiraction levels or with quantitation such as
concentration of a subiraction level or with the size of the
predominant lipoprotein molecules. Once a patient has been
identified (diagnosed), the method 1s used to generate an
individualized treatment plan for the patient that may include
drugs, diet and exercise. The method of the invention can be
used to tailor the degree of aggressiveness of patient treat-
ment, as well as, monitoring the patient’s treatment.

In analyzing LDL and HDL subclass data from more than
80,000 cardiovascular patients, 1t has been found that indicia
for patient treatment can be derived from LDL and HDL
subclass mnformation that 1s not available from NCEP risk
factor data. Thus, the invention permits the 1identification of
patients who have an undesirable small dense LDL trait and
deficient reverse cholesterol transport system. For example, 1t
has unexpectedly been found for the first time that elevated
LDL-IVb levels are predictive of the need for multiple mnva-
stve cardiac procedures. This analysis indicates that 1in
patients requiring invasive cardiac procedures who have a
high amount of LDL distribution in the IVb region are likely
to need repeated vasive procedures despite lower LDL-C
values. A metabolic profile characterized by an abundance of
the smallest LDL particles appears to increase the risk of a
patient for a need for repeated cardiovascular procedures.

Thus, the mnvention relates to 1dentifying patients who will
or who have had an mvasive cardiovascular procedure who
have a LDL IVb level greater than 10% of the LDL particles.

LDL III a+b are the preferred LDL subclasses to be mea-
sured and HDL 2b 1s the preferred HDL subclass. Other
factors such as lipoprotemn (a) (Lp(a)), triglycerides, and
homocysteine also provide highly useful information. LDL
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and HDL subclasses are determined by segmented gradient
gel electrophoresis (GGE), NMR, ultracentrifugation, or 1on
mobility analysis. The LDL and HDL values are converted to
mg/dL.

Annual rate of stenosis change was related concordantly to

on-study averages of total cholesterol (p=0.04), tniglycerides
(p=0.05), VLDL-mass (p=0.03), total HDLC ratio (p=0.04),

LDL-IVb (p=0.01) and HDL3a (p=0.02) and inversely to
HDL2 mass (p=0.02) and HDL2b (p=0.03). Adjustment for
other lipid and liporotein factors including most other lipo-
protein subclasses, did not eliminate the significant associa-
tion between LDL-IVb and the annual rate of stenosis change.
Stepwise multiple regression analysis showed that the best
fitting model for predicting stenosis change included only one
lipoprotein variable; LDL-IVb. The average annual rate 1n

stenosis change was six-fold more rapid 1n the fourth quartile
of LDL-IVb (>5.2%) than 1n the first quartile (>2.5%,

p=0.03).
LDL IVb subclass may be determined by linear gel elec-

trophoresis, segmented gradient gel electrophoresis (GGE),
NMR, analytical ultracetrifugation, or 1on mobaility analysis.

EXAMPLE 1

Identitying At Risk Cardiovascular Disease Patients

Database Statistics:
There are 65,536 patients 1n the database of which 51%

(33,463) have LDLC<130 mg/dL. and 44% (20,149) have
levels of LDLC<100 mg/dL. Furthermore, 47% (31,102) of

all patients 1n the database have LDL Illa+b measurements.

Methods:

Database search criteria was set at two LDL levels: patients
with LDLC<130 and patients with LDLC<100.

Results:

Of the patients with LDLC<130 and measured LDL- by
segmented gradient gel electrophoresis (GGE), 74% had an
LDL IIla+b >13% (see below)—a value documented to raise
cardiovascular risk by 3-fold.

A. LDLC<130 mg/dL. =33, 463 patients (51% of total vol-
ume)
1. LDLC <130 mg/dL with LDLIIIa+b>15%=74%

2. LDLC <130 mg/dL. with LDLIIIa+b>20%=35%
3. Pheno A=19,653 or 44%
4. Pheno AB=5,568 or 17%
5. Pheno B=13,173 or 39%

**Note: Each database has a limiting population factor.
The above search only uses two variables and the
limiting factor 1s LDLIIIa+b (n=18,797). Each 1ntro-
duction of a new variable limits the population of the
result.

Of the patients with LDLC<100 and measured LDL-GGE,
85% of them had a LDL IIla+b>15%(see below).

B. LDLC<100mg/dLL.=20,149 patients (44% of total volume)
1. LDLC<100 mg/dL with LDLIIIa+b>135%=85%
2. LDLC<100 mg/dL with LDLIIIa+b>20%=70%
3. Pheno A=8,411 or 42%
4. Pheno AB=3,431 or 17%
5. Pheno B=8,307 or 41%

In either case, patients considered to be under “control”
and thought not to require further treatment by NCEP guide-
lines had a preponderance of small, dense atherogenic par-
ticles and required varying degrees of aggressive treatment.
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Another aspect of the invention involves utilizing the HDL
2b subclass data in the database. If the LDLC<100 database 1s

used, the invention provides a test for hard to treat or difficult
patients. But, the LDL<100 database also illustrates that just
driving down LDLC 1s not always the solution. On the other

hand, the LDL<130 database may seem too conservative
because the NCEP goal 1s 100 for patients with CHD or CHD

risk equivalents, but it does adhere to the population of
patients who have family history or haven’t been treated and
need to establish a baseline to monitor therapy. The four
variable search of patients with LDLC<130, HDL>40, an
LDL Illa+b value, and/or an HDL 2b value exhibits similar
results from the LDLC<130 database.

C. LDLC<130 mg/dl+HDLC>40 mg/dI.=13,810
1. (C) with LDLIIIa+b>15%=70%
2. (C) with LDLITIa+b>20%—=43%
3. (C) with HDL 2b>20%=56%
4. (C) with LDLIIIa+b>15%+HDL 2b>20%=59%
5. (C) with LDLIITa+b>20%+HDI, 2b>20%=40%

If 1t 1s assumed these patients have 2+ risk factors, the
LDLC<130 and HDL>40 are at “healthy” levels according to
NCEP, but the same verdict 1s displayed as the above database

search. 70% of the population has an elevated LDL Ila+b.
When HDL 2b 1s added to the equation, the percentage of
patients with both abnormal LDL IIla+b and HDL 2b values
slightly lessen to 59%. Thus, about 6 out of 10 patients with
“healthy” LDLC and HDLC levels express both the small

dense LDL trait and deficient reverse cholesterol transport
system.

The other four variable search of patients with LDLC<100,

HDL>40, an LLDL Illa+b value, and/or an HDL 2b wvalue
exhibits similar results from 1ts database sibling. The con-

comitant risk factors of elevated LLDLIIla+b and deficient
HDL 2b occur 91% of the time.

D. LDLC<100 mg/dL+HDLC>40 mg/dl.=11,334
1. (D) with LDLIIIa+b>15%=84%
2. (D) with LDLIIIa+b>20%=60%
3. (D) with HDL 2b>20%=53%
4. (D) with LDLIIIa+b>15%+HDL 2b>20%=91%
5. (D) with LDLIIIa+b>20%+HDL 2b>20%=68%

Physicians who have patients with an LDLC value under
control (<100) often conclude that they need no further infor-
mation for treating the patient. This 1s not the case (See B),
85% of the population with LDL Illa+b values were elevated
and were 1n need of treatment.

There are several other aspects of the mvention derived
from the database analysis such as 61% of patients with
LDL<100 or LDL<130 and TG<130 still have deficient or
abnormal HDL 2b values (LDLC under control and triglyc-
eride metabolism working fine, but unapparent deficient
reverse cholesterol transport). All of these newly discovered

relationships are summarized below 1n their respective data-
base (LDLC<130 or LDLC<100).

Database Informatics (LDL<130 mg/dL)
(‘Total Database Volume: 65,536)
(Total of patients with LDL IIla+b values: 31,102 (47%))

A. LDLC<130 mg/dLL=33, 463 patients (/3% ol total volume
1. LDLC<130 mg/dLL with LDLIIIa+b>135%=74%
2. LDLC<130 mg/dL with LDLIIIa+b>20%=55%
a. Pheno A=19,653 or 43%
b. Pheno AB=5,568 or 17%
c. Pheno B=13,173 or 39%
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B. LDLC<130 mg/dL+HDLC>40 mg/dL.=13,810

. (B) with LDLIIIa+b>15%=70%

. (B) with LDLIIIa+b>20%=43%

. (B) with HDL 2b>20%=56%

. (B) with LDLIIIa+b>15%+HDL 2b>20%=59%
. (B) with LDLIIIa+b>20%+HDL 2b>20%=40%

C. LDLC<130 mg/dL+HDL2b<20%=13,168
1.(C) with LDLIIIa+b>15%=86%
2.(C) with LDLIIIa+b>20%=68%

D. LDLC<130 mg/dL+HDL2b>20%=3,642
1. (D) with LDLIIIa+b>15%=77%
2. (D) with LDLIIIa+b>20%=38%

E. LDLC<130 mg/dL+HDIL2b>20%+Lp(a)>20mg/dl=1,
417

1. (E) with LDLIIa+b>15%~=77%

2. (BE) with LDLITIa+b>20%=38%

F. LDLC<130 mg/dL+Lp(a)>20mg/dL 10,587
1. (F) with LDLITla+b>15%~=73%
2. (F) with LDLITla+b>20%=52%

G. LDLC<130 mg/dL+HDLC>40 mg/dl.=11,226
1. (G) with LDLIIIa+b>135%=70%
2. (G) with LDLIIIa+b>20%=43%

H. LDLC<130 mg/dL+TG<150 mg/dI.=28,270
1. (H) with LDLIIIa+b>15%=70%

2. (H) with LDLIIIa+b>20%=42%
(H) with HDL 2b<20%=62%

3.
I. LDLC<130 mg/dL+TG<180 mg/dl, 24,796
1. (L) with LDLIIa+b>15%~=72%
2. (L) with LDLIIIa+b>20%=46%

J. LDLC<130 mg/dL+TG<180 mg/dL+HDL>40mg/dL.=16,
723

1.(J) with LDLIIIa+b>15%=70%
2.(J) with LDLIIIa+b>20%=30%

K. LDLC<130 mg/dL+TG<180 mg/dL+HDL2b>20%=3,
249

1. (K) with LDLIIIa+b>15%=68%
2. (K) with LDLIIIa+b>20%=37%

Database Informatics (LDLC<100 mg/dL)
(Total Database Volume: 65,536)
(Total of patients with LDL Illa+b values: 31,102 (47%))

A.LDLC<100 mg/dl.=20,149 patients (44% of total volume)
1.LDLC<100 mg/dL. with LDLIIIa+b>15%=85%
2.LDLC<100 mg/dL. with LDLIIIa+b>20%=70%

a. Pheno A=8,411 or 42%
b. Pheno AB=3,431 or 17%
c. Pheno B=8,307 or 41%

B. LDLC<100 mg/dL+HDLC>40 mg/dl.=11,334
1. (B) with LDLIITa+b>15%=84%
2. (B) with LDLIIa+b>20%=60%
3. (B) with HDL 2b>20%=53%
4. (B) with LDLITla+b>15%+HDL 2b>20%=91%
5. (B) with LDLIIIa+b>20%+HDL, 2b>20%=68%

C. LDLC<100 mg/dl +HDI.2b>20%=2,772
1. (C) with LDLIITa+b>15%=88%
2. (C) with LDLIITa+b>20%=58%

D. LDLC<100 mg/dL+HDIL2b<20%=5,906
1.(D) with LDLITla+b>15%=94%
2.(D) with LDLIITa+b>20%=81%

SN LTV \G R,
PN TN SN N
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E. LDLC<100 mg/dl+HDIL2b>20%+1 p(a)>20mg/dl.=901

1.(E) with LDLIIa+b>15%=92%
2.(B) with LDLIITa+b>20%=63%

F. LDLC<100 mg/dL+Lp(a)>20mg/dL.=6,024
1.(F) with LDLIIa+b>15%=86%
2.(F) with LDLITla+b>20%=70%

G. LDLC<100 mg/dL+TG<180 mg/dl.=14.414
1.(G) with LDLIIIa+b>15%=84%
2.(G) with LDLIITa+b>20%=62%

H. LDLC<100 mg/dL+TG<150 mg/dl. 12,513
1.(H) with LDLIa+b>15%=84%
2.(H) with LDLIIIa+b>20%=60%
3.(H) with HDL 2b<20%=61%

I. LDLC<100
mg/dL=4117

1.(I) with LDLIIIa+b>15%=85%
2.(I) with LDLIITa+b>20%=61%

The LDL and HDL data may be converted to mg/dl and a
patient’s data 1n mg/dl may be compared to the diagnostic
level of HDL or LDL 1n mg/dl.

mg/dL+1G<150  mg/dL+Lp(a)>20

EXAMPL.

(Ll
o

Identitying Patients Who Will Require Multiple Intensive
Cardiovascular Procedures

The relationship of elevated LDL IVb 1n a group of patients
who required invasive procedure(s) has been investigated.
Methods: 79 (Cardiovascular Disease) CAD patients requir-
ing cardiac intervention procedure, were randomly selected
based on LDL IVb>=10% or=<3% of the total LDL distribu-
tion. Fasting Triglycerides, LDL-C and HDL-C were deter-
mined using enzymatic methods, LDL subclass distribution
by S3-segmented gradient gel electrophoresis, and Lp(a),
homocystemne, and insulin by immunochemical methods.
Resuts: There were no significant differences between groups
in regard to age, total cholesterol, Lp(a), Apo B, and fibrino-
gen. The fasting insulin and hs-CRP values were higher
(+149%, p+0.06) and (+221%, p+0.06) 1n the IVb+>10%

group, (see Table 1).

TABLE 1
IVb <=3% IVb = 10% % P

N 30 49
# procedures 0.2 £0.5 1.3+1.6 +650% 0.0001
LDL IVb(%) 1.8 £0.8 12.7+2.4 +706% 0.0001
LDL IVa(%o) 35+£24 11.3+44 +323% 0.0001
Triglycerides 116 £73 314 + 245 +271
(mg/dl)
HDL-C (mg/dl) 50.0 £15.6 35,7+ 11.6 -40% 0.0001
LDL-C(mg/dl) 98.0 £ 32 76.7 £ 22 -28% 0.002

Thus, patients who need or who have had an invasive
cardiovascular procedure such as angioplasty are monitored
for the level of LDL IVb. Levels above 10% of LDL IVb as
predictive of patients who will need multiple 1nvasive proce-
dures such as angioplasty. Invasive procedures refer to angio-
plasty, by-pass and similar invasive procedures to treat car-
diovascular disease. The patient’s HDL and LDL subclass
data may be converted to quantitative mg/dl values and com-
pared to diagnostic values 1n mg/dl.

10

15

20

25

30

35

40

45

50

55

60

65

8
EXAMPLE 3

Quantitation of LDL and HDL Sub-fractions.

The gradient gel electrophoresis methodology measures
relative percentages of the volume of LDL and HDL particles
by sub-fraction and the diameter of those particles are known.
Assuming the particles are spherical 1n shape (an assumption
made by analytical ultracentrifugation methods as well), the
relative percentage of particle numbers can be calculated by
multiplying the percent volume value by a value that repre-
sents the relative volume of the particles compared to each
other.

Using the values for the boundaries of the LDL subclasses,
as listed below, we assume that the mean Angstrom value of
the subclass can be used to estimated the average size of the
particles 1n that subclass.

Upper Lower Mean Value Mean

Subfraction Boundary (A) Boundary (A) (A) Radius
I 285.0 272.0 2785 139.25

Ila 272.0 265.0 268.5 134.25

IIb 265.0 256.0 260.5 130.25

IIla 256.0 247.0 251.5 125.75
IIIb 247.0 242.0 244.5 122.25
IVa 242.0 233.0 237.5 118.75
IVb 233.0 220.0 226.5 113.25

Specifically for LDL, the actual calculated average volume
of a sub-fraction I particle is 4/3wr” where r on average is
139.25 A. The relative proportion of volume of sub-fraction I
and sub-fraction IVb 1s

4/37(139.25)%/4/37(113.25)°

which reduces to

(139.25)%/(113.25)>=2700135.828125/
1452494.953125=1.859

So sub-fraction I particles are 1.856 times the volume of
sub-fraction IVb particles. The relative volume ratios can be
calculated for each of the seven LDL subclasses and the five
HDL subclasses because we measure the diameter of the
particles. The relative volume ratios for the other LDL sub-
classes are:

[Ia=1.685; IIb=1.521; IlIa=1.369; IIIb=1.258; IVa=1.153;
IVb=1.00.

These values are fixed for every patient. From the diameter
of a particle it 1s the spherical volume, assuming that these
particles are in fact reasonable spherical.

For purposes of 1llustration, if a patient’s profile showed
that he had only subclass I and IVb particles 1n a ratio of 50%
cach and every percent of IVb 1s given a particle value of 10,
then every percent of I 1s given a value of 10/1.856 or 5.39. In
other words a given volume that contains 10 IVb particles will
contain 5.39 I particles because the subclass I particles are
that much bigger than the subclass IVb particles. The factors

to correct the mass subclass percents to particle percents,
using the size of the IVb particle as the basic unit, are as

follows:

[=0.539; 11a=0.593; IIb=0.657; I1Ia=0.730; IIIb=0.793;
[Va=0.867; IVb=1.0
To recalculate the LDL particle percentages from the vol-

ume percentages, we would take the IVb 50% multiply 1t by
5.39 to give 26.95. The IVb fraction would have a value of
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50.0. Sum these values and use the sum as the denominator to
recalculate a percentage now based on relative particle num-
ber.

In this example, the total 1s 76.95. The percentage of par-
ticles that are IVb 1s: (50/76.95)x100=65% and the percent-

age of particles that are 11s: (26.95/76.95)x100=35%

The subclasses of larger particles see a decrease 1n their %
values and the subclasses with smaller particles see an
increase 1n their % values, relative to their mass % values.

Ifthese percentages are then multiplied by the Apo B value,
the resulting values will be reasonably accurate representa-
tions of the absolute particle numbers of the LDL subclasses.
There will be some elevation of all the numbers due to the
inclusion of the Apo B from VLDL and IDL. The present
studies with Ao B ultra, however indicate that this elevation 1s
less than 10% for triglyceride values of less than 200 mg/dL.
If Apo B Ultra numbers are used, the elevation will only be
from the IDL fraction.

An actual set of patient values over two visits for a 78
year-old male who had therapeutic intervention between vis-
its are shown 1n Table 2:

TABLE 2
Dec. 20,2000  Apr. 11, 2002
Apo B value 81 8%
I (GGE volume %) 40.6 37.3 Currently
reported
% values
I(* mg/dL) 28.1 28.0 (Quantitation
mg/dL values
[Ia (GGE volume %) 26.5 24.0 Currently
reported
% values
[Ia ( * mg/dL) 20.2 19.8 (Quantitation
mg/dL values
[Ib (GGE volume %o) 12.9 15.8 Currently
reported
% values
IIb ( * mg/dL) 10.9 14.4 Quantitation
mg/dL values
[IIa (GGE volume %) 5.6 10.7 Currently
reported
% values
[IIa ( * mg/dL) 5.2 10.9 (Quantitation
mg/dL values
I[IIb (GGE volume %) 3.3 4.1 Currently
reported
% values
IIIb ( * mg/dL) 3.4 4.5 (Quantitation
mg/dL values
IVa (GGE volume %) 6.1 4.6 Currently
reported
% values
IVa ( * mg/dL) 6.8 5.5 (Quantitation
mg/dL values
IVb (GGE volume %) 5.0 3.5 Currently
reported
% values
IVb ( * mg/dL) 6.4 4.9 Quantitation
mg/dL values

* refers to absolute subclass particle number

In this case the value of using absolute apoplipoprotein
values 1s seen 1n the apparent drop i1n subclasses I and Ila
which are actually much smaller than the mass percentages
would indicate. The I11a value which appears to have not quite
doubled looking at the mass percentage values, has 1n fact
more than doubled when viewed i terms of the absolute
value of Apo B.

A similar calculation has been done for the HDL sub-
classes quantitating to the Apo A value which also corre-
sponds to particle number for HDL particles. In this case,
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because the 2B fraction often tapers ofl to nothing at the high
end, the mean peak particle size for subclass 2B needs to be
adjusted closer the lower boundary of the 2B subclass. In this
example, the mean particle size for this subclass 1s estimated
at 110.8 A, one-third of the range between the two bound-
aries.

Using the same process, the correction factors for particle
size Tor HDL are as follows:

2B=0.315; 2A=0.516; 3A=0.712; 3B=0.866; 3C=1.00

For the same 78 year-old male, Table 3 his results for his
simultaneously measured HDL subiractions:

TABLE 3
Dec. 20, 2000  Apr. 11, 2002

Apo Al value 122 158

2B (GGE volume %) 17 28 Currently
reported %
values

2B (* mg/dL) 11 24 (Quantitation
mg/dL values

2A (GGE volume %) 27 25 Currently
reported %
values

2A ( * mg/dL) 28 35 (Quantitation
mg/dL values

3A (GGE volume %) 37 29 Currently
reported %
values

3A ( * mg/dL) 52 56 Quantitation
mg/dL values

3B (GGE volume %) 15 14 Currently
reported %
values

3B ( * mg/dL) 26 33 (Quantitation
mg/dL values

3C (GGE volume %) 3 4 Currently
reported %
values

3C (* mg/dL) 6 11 (Quantitation
mg/dL values

* refers to absolute subclass particle number

This set of values particularly 1llustrates the advantages of
converting the relative mass percentages in to absolute apo-
lipoprotein values. The apparent drop 1n mass, especially 3 A,
as judged by the change 1n the mass percentage 1s 1n fact an
increase 1n absolute Apo Al values, masked by the increase 1n
the Apo A value.

A Turther evaluation of the quantitation of LDL subirac-
tions by this method when compared to values obtained from
analytical ultracentrifugation follows.

Analytical ultracentrifugation subdivides the lipid frac-
tions based on their density. Gradient gel electrophoresis
separates the lipid fractions by size. While there 1s a strong
correlation between the two, the two characteristics are not
identical and do not give 1dentical results. However, compari-
sons of the two LDL methodologies for 37 samples show the
tollowing correlation results; Table 4

TABLE 4

Comparison of density ANUC me/dL. LP vs GGE mg/dl. LDLC

I I1a ITh [T1a I11b IVa IVb
R”? 0.6801 0.7127 0.7843 0.6584 0.5306 0.3851 0.3256
value
R 0.82 0.84 0.89 0.81 0.73 0.62 0.57
value
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In this case, the ANUC values are in mg/dL of total lipo-
protein mass, and were not measured separately as choles-
terol, triglycerides or Apolipoprotein B. The LDL Choles-
terol value for the whole plasma sample was used as the best
approximation of a measured value that represented only the
LDL fraction. All the other measured values are confounded
by having significant contributions to their results from the
presence of VLDL and chylomicrons.

The Apo B levels for the original samples were measured
for the whole plasma sample, but not for each individual
ANUC subiraction. The Apo B values for the ANUC subirac-
tions were determined by multiplying the Apo B values by the
ANUC mass percentages to give the following table 5:

TABL.

(L.

D

Comparison of ANUC Apo B me/dl. vs GGE Apo B mg/dL

I IIa IIb [Ila IIIb [Va IVb
R” 0.2143 0.7543 0.8599 0.7426 0.4545 04569 0.4007
value
R 0.46 0.87 0.93 0.86 0.67 0.68 0.63
value

If the correlation between the mass percentage numbers are
used alone the correlation improves, indicating that the den-
sity gradient results vs. size gradient results, while overlap-
ping significantly, are not identical as shown 1n Table 6.

TABLE 6

Comparison of ANUC Mass % vs GGE Mass %

I I1a IIb [IIa I1Ib Iva IVb
R” 0.6605 0.7701 0.5464 0.6498 0.5653 0.5497 0.5197
value
R 0.81 0.8 0.74 0.81 0.75 0.74 0.72
value

FIG. 1 shows chemical values such as HDL-C, LDL-C,
ApoA, ApoB, and LP(a), LDL phenotype, LDL Peak 1 and
LDL peak 2 for 38 patients. FIG. 2 shows the ANUC HDL
fractions and ANUC total values for these patients and F1G. 3
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shows ANUC LDL fraction for the same patients. FIG. 4
shows the ANUC lipoprotein values for LDL subiractions I,
[a, IIb, I1Ia, IIIb, IVa, IVb and the % ANUC subclass data.
FIG. 5 shows the GGE transidyne subclass percent for I
through Wb LDL subiractions, calculated particle percent for

these subiractions and ApoB mass values. FIG. 6 shows the
particle ApoB and ANUC ApoB LDL subclass data.

FIGS. 7 through 13 shows correlation plots of ANUC val-
ues verses two GGE methods for LDL subfractions I, Ia, IIb,
IIIa, IIIb, IVa, IVDh.

FIGS. 14 thorough 20 show correlation of ANUC ApoB
mg/dl verses particle ApoB mg/dl for LDL subiractions I, Ia,
IIb, IIIa, IIIb, IVa, IVb.

FIGS. 21aand 2154, 22, 23a and 235 show the correlation of
ANUC mg/dl-LP to GGE method mg/dl for LDL I, Ia, IIb,
[IIa, IIb, IVa and IVb.

The same results can be shown for the HDL subclasses
quantitating to the Apo A value which also corresponds to
particle number for HDL particles.

In this way the percentage distribution values of LDL and
HDL subparticle are converted to quantitative mg/dL values.
The 1mvention includes a data base of HDL and LDL sub-
classes of particles and data from cardiovascular disease
patient. The mvention mncludes ratios of HDL and LDL sub-
classes of particles in mg/dL which corresponds to cardiovas-
cular disease. A data base that correlate mg/dL values with a
patient’s data and allows for the detection and monitoring of
cardiovascular disease and selection treatment for such dis-
ease.

These examples illustrate the mmvention and are not
intended to limait 1t 1n spirit or scope.

What 1s claimed 1s:

1. A method of monitoring cardiovascular disease in a
patient comprising measuring one or more LDL or HDL
particle subclass levels 1n a biological sample from the patient
and comparing the levels to a database from 65,000 cardio-

vascular patients, wherein the database comprises data for
LDL IVb subclass in mg/DI1, HDL 2b subclass 1n mg/Dl, and

LDL IIIa & LDL IIIb subclasses 1n mg/DI1, wherein the data
for the LDL IVb, HDL 2b, LDL Illa and LLDL IIIb subclasses

in mg/DI are correlated to cardiovascular disease.
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